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INTRODUCTION. 


A list of the various substances that have been used or suggested 
for preserving timber from decay would include a surprisingly large 
number of those known to industrial chemistry. By-products for 
which no use could be found have often taken their last stand as 
_ possible preservatives of wood. There have been sent to the Forest 
_ Products Laboratory for test the condensed fumes. of smelters, the 
_ waste liquors of pulp plants, the refuse of tanneries, the skimmed | 
milk of creameries, and miscellaneous assortments of compounds 
under trade names. Many of these have not been tested, because the 
claims made for them were manifestly impracticable. Those, how- 
_ ever, which showed some promise or about which numerous inquiries 
_ were received were admitted to test. 

The object of the tests, which were carried on at the Forest Prod- 
ucts Laboratory maintained in cooperation with the University of 
Wisconsin, was to secure data on the practical value of these com- 
_ pounds and chemicals as wood preservatives. More than this, how- 

ever, it was thought that such an investigation would show clearly 


1 The following members of the Forest Products Laboratory performed the experiments herein described: 
Emest Bateman, chemist in forest products; C. J. Humphrey, pathologist, Bureau of Plant Industry; 
Ruth Fleming, scientific assistant, Bureau of Plant Industry; Robert E. Prince, assistant engineer in 
_ forest products. 
_ Acknowledgment is also made to Ira H. Woolson, consulting engineer, the National Board of Fire 
_ Underwriters, for valuable assistance in the inflammability tests, and to the following cooperators, who 
_ furnished some of the preservatives used: United Gas Improvement Co., Philadelphia, Pa.; Bruno- 
_ Grosch & Co., New York City; Carbolineum Wood Preserving Co., Milwaukee, Wis.; C. A. Wood Pre- 
Server Co., St. Louis, Mo.; Marden, Orth & Hastings, Boston, Mass.; Logged-Off Land Utilization Co., 
_ Seattle, Wash.; Lake Superior Iron & Chemical Co., Detroit, Mich.; Spirittine Chemical Co., Wilming- 
ton, N. C.; Materials Preserving Co., Burlington, Vt.; Atlantic Turpentine & Refining Co., Savannah, 
Ga.; Indian Refining Co., New York City; Copper Oil Products Co., New York City; Balaklalla Consoli- 
_ dated Copper Co., Coram, Cal.; Franz Workman, Scotland (representing Messrs. Bruening & Marmet- 
'Sehke); John M. Long, Winston, Va.; Philadelphia Quartz Co., Chester, Pa.; Blagden, Waugh & Co., 
London, England. | 
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the deficiencies of present practice in wood preservation and pave 
the way for increasing its efficiency by suggesting lines for ge 
research. 

From 40 to 90 per cent, or an average of over 60 per cent of the 
total cost of treating wood, is chargeable to the preservative alone... 
Jn ordinary treatments with coal-tar creosote it is common practice 
to inject 5 to 10 pounds of the oil per cubic foot of wood, although 
toxicity tests indicate that about one-half of a pound will prevent fun-_ 
gous growth; in other words, exclusive of subsequent changes, from 10 
to 20 times as much creosote is used per volume of wood as is theoretic- 
ally required. The possibility of safely reducing this amount, and | 
consequently the cost of treatment, is one of the problems referred | 
to. The tests described herem should therefore be considered simply | 
as preliminary to the more difficult problems involved. 


PROPERTIES INVESTIGATED. 


The practical value of a preservative depends very largely upon 
the conditions under which it is used, and investigations to deter- 
mine its value must necessarily be broad. The following points 
were considered in the tests: | 

(1) The important chemical and physical properties of the pre- 
servative. 

(2) The effect of the preservative on the strength of the wood 
treated with it. 

(3) The ability of the preservative to penetrate and diffuse through 
wood. 

| (4) The permanency of the preservative after its injection into 
| wood. This involves a study of its volatility and leachability. 
| (5) The combustibility of wood treated with the preservatives. 

(6) The toxic efficiency of the preservative in preventing the 
growth of wood-destroying fungi. 

(7) The corrosive action of the preservative on steel. 

(8) The effect of the preservative on paint applied to the wood 
subsequent to treatment. 

No systematic tests were made on the effect of the preservative 
as an electrolyte or in contaminating drinking water, nor any tests 
which relate to a special or limited use. 


METHODS OF TEST. 


The various tests were conducted as follows: 

Thoroughly air-seasoned eastern hemlock (Tsuga canadensis L.) | 
was selected as the wood best suited for the experiment because of — 
its low inherent resistance to attack by fungi, the comparative uni- 
formity with which it can be treated, and its availability. Only 
perfectly clear, straight-grained, and uniform material, free from all 
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mechanical and physical defects, was used. The pieces selected for 
test were 12 by 26 by 14 inches. These were cut and numbered as 
_ shownin A, Plate I. Some of the test specimens were left untreated; 
others after treatment were recut and renumbered as shown in B, 
Plate I. 
The uses to which the specimens were put are given in the de- 
scription of each test. 


CHEMICAL AND PHYSICAL PROPERTIES OF THE PRESERVATIVES. 


The chemical composition of each preservative, its specific gravity, 
viscosity, odor, flash, and burning points were tested by standard 
methods. In all distillations the apparatus described in Forest 
Service Circular 112 was used. 

The specific gravity was determined chiefly by a hydrometer or by 

a Westphal balance. Viscosities were obtained by using the Engler 
_ orifice viscosimeter at various temperatures. The flash and burning 
' points were determined by heating the preservative at a rate of 2° C. 
_ per minute in an open flash-point tester, passing a small flame over 
_ the surface every minute. 


METHOD OF TREATING WITH PRESERVATIVE. 


© Pieces Nos. 4, 5; 6, 7, 12, 13, and 14-2 were treated with the 
_yarious preservatives in an impregnation cylinder. Before treatment 
_ they were oven-dried at 100° C. in order to be sure that all speci- 
mens were as nearly as possible in a uniform moisture condition. 
' They were then weighed and impregnated. The simplest proce- 
dure of treatment was followed. For example: After the wood 
_ was placed in the cylinder the preservative was admitted, displacing 
the air, until the cylinder was completely filled; a pressure of about 
~ 50 pounds per square inch was then applied until the desired absorp- 
” tion was obtained, when the cylinder was drained of excess preserva- 
_ tive and the specimens removed and weighed within 24 hours. When 
_ necessary higher pressures than 50 pounds were used. 


STRENGTH TESTS. 


Pieces 1, 2, and 3, which were not treated, and 4, 5, and 6 (see 
_ A, Pl. I), which were treated with the preservative, were tested in 
bending to failure in an ordinary 30,000-pound testing machine, 
using a center load over a 12-inch span. Care was taken to have all 
specimens at approximately the same moisture content at the time 
of test (about 6 per cent) by allowing them to remain in the laboratory 
until they no longer absorbed moisture from the air. Specimens 
treated with oils usually contained a little less moisture than those 
untreated. After being broken, 3-inch specimens were cut from each 
end for fungus-pit tests (see B, Pl. I). 
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PENETRANCE OF THRE PRESERVATIVE INTO WOOD. 


The distribution of a preservative in the wood, a most important | 


feature in any treatment, was studied as follows: 


The central portions of sticks 4, 5, and 6, after the strength data | 
had been obtained on them, were split, and the depth and character _ 
of the penetration recorded. This could usually be done -visually, _— 


but with those preservatives which in aqueous solution were color- 
less, an anilme dye was used or the specimens were | 
eiyaed: ; 

The results from these tests were used to supplement those secured 
from pieces 8, 9, and 10, which were tested in a specially-constructed 
penetrance apparatus (see Pl. II) operated in the following man- 
ner: A hole 1 inch in diameter was bored in the center of each stick 
(A) to a depth of three-fourths inch. The stick was then placed on 
the shelf (8) inside the apparatus for several hours, and after being 
weighed was clamped between two iron disks (Cand D) so that the 
preservative could be forced into the hole from the tank (#) under 
a constant pressure and temperature. The stick was raised to a 
temperature of about 180° F. by the steam coils ( #’) before the pre- 
servative was admitted. The pressure was controlled by compressed 


air on the top of the preservative in tank (#). For oils, the length 


of the pressure period was 30 minutes, and for water-soluble salts 3 
minutes, with the exception of sodium silicate, for which the time 
was prolonged to 30 minutes. The time it took to penetrate the 
wood longitudinally was noted.? At the end of these periods the 
specimen was sawed longitudinally and transversely through the 
center lines and the penetration radially, tangentially, and longitudi- 
nally was studied. (See Pl. III.) 


VOLATILITY TESTS. 


= 


The volatility tests on oils were made to determine only the 


relative rates at which they left the treated wood. The plan of 
using matched pieces, as outlined in Plate I, was abandoned because 
the data obtained were inaccurate, the specimens reabsorbing 


moisture through the untreated end surfaces of the specimens cut 


after treatment. A new set of specimens was prepared from noble 


fir (each 114 by 2 by 6 inches) and treated for the volatility experi- 
ments. These were weighed separately and placed in the volatility _ 
apparatus (fig. 1), consisting of an air-tight metal box, 15 by 24 by ~ 
30 inches, through which a constant current of air, partially dehy- 


drated by passing through calcium chloride towers, was drawn. 


1It was found by repeated tests that water and the dye had a tendency to penetrate in some cases 


slightly farther than the preservative, although the difference was of no practical significance. . 


2 A mirror placed in the back of the apparatus enabled the penetration in the rear end of the stick to ‘be 


determined. 
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A.—Specimens cut thus before treatment. B.—Specimens cut thus after treatment. 


METHOD OF MATCHING AND CUTTING SPECIMENS. 


Bul. 145, U. S. Dept. of Agriculture. PLATE II. 


APPARATUS FOR CONDUCTING TESTS ON PENETRANCE. 


PLATE III. 
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APPARATUS FOR DETERMINING RELATIVE INFLAMMABILITY 
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The box was heated to 30° C. by electric lamps, the temperature 
being automatically controlled within 1° C. by a thermostat. The 
_ treated specimens were removed and weighed at weekly periods for 
- 3 months, the loss in weight being taken as representing the amount 
of the preservative volatilized. 
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| Fic. 1.—Apparatus for conducting tests on volatility. 
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LEACHING TESTS. 


| Tests were made on the water-soluble salts to determine the rela- 
_ tive rates with which they leached from the treated wood. As soon 
_ as possible after treatment stick 12 was recut into three pieces, each 
| 1¢ by 14 by 4 inches in size, and weighed separately to determine 
the amount of preservative it contained. 


\- 
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The test pieces were then submerged in a glass jar containing 300 
ce. ¢. of distilled water at room temperature. This water was changed 
at stated intervals and analyzed for the presence of preservative. 
The total time of leaching was 4 weeks. To check the amount of pre- 
servative remaining in the wood after the total submersion period the 
specimens were shredded and chemically analyzed. Owing to the 
large amount of preservative which adhered to the surface of the wood, 
and the absorption of some of it, it was extremely difficult to secure 
satisfactory results on leaching. For this reason no values are given. 
Recent experiments indicate that not only do the different salts 
leach at different rates, but also various concentrations of the same 


salt. 
INFLAMMABILITY TESTS. 


The crib and shaving tests frequently used in testing the combusti- 
bility of wood proved unsatisfactory, and a new form of apparatus 
was finally developed with which more comparable results were 
obtained. This apparatus (see Pl. IV) consists of a silica tube, 
wrapped with nichrome ribbon. An iron tube fitted with a mica 
sight was cemented below the silica tube. 

The specimen of wood, after being lowered in the silica tube, was 


heated at a uniform rate by passing 24 amperes of electric current - 


at 110 volts through the nichrome ribbon. Temperature readings 
were obtained from a thermocouple placed beside the specimen and 
reading direct from a Hoskins pyrometer indicator. <A pilot light 
was used to ignite the gases distilled from the wood. Compressed 
air partially dehydrated by expansion was passed through the appa- 
ratus, its intensity being indicated by a sensitive iquid manometer. 
Three untreated test specimens cut from stick 11 (see Pl. I) were 
burned as a check against the three treated specimens cut- from 


stick 138. When the preservative was a water-soluble salt, the test 


specimens were first air-dried and then oven-dried before ignition. 
When the preservative was an oil, one inflammability test was made 
within 24 hours after impregnation and another after three months’ 
seasoning in the volatility apparatus, the latter being made on speci- 


mens cut from stick 12.1 
TOXICITY TESTS. 


Because of the importance of toxicity tests and the inherent 


objections to various established methods of testing, three independen 


methods were followed: 
(1) Petri-dish method, in which the preservative is mixed with a 
culture medium and inoculated with fungi. 


1 Stick 12 was used for leaching tests in the treatments with water-soluble salts, and for inflammability 
tests after 3 months’ seasoning in the volatility apparatus in the treatments with oils. 
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(2) The injection of the preservative into wood, with a subsequent 
exposure to pure cultures of wood-destroying fungi in sterilized jars. 
Specimens recut from stick 14, as indicated in B, Plate I, are being 
used for these tests. 7 

(3) The injection of the preservative into wood with subsequent 
exposure to various fungi in a fungus pit. Specimens recut from 
sticks 1 to 6, inclusive, as indicated in B, Plate I, are being used for 
these tests. ; 

At present tests by the petri-dish method are the only series that 
have advanced far enough to be reported upon. 


PETRI-DISH TESTS. 


In these tests the culture medium consisted of the extract of 1 
_ pound of lean beef in 1,000 c. c. distilled water, to which is added 25 
- grams Léfflunds malt extract and 20 grams agar-agar. 

The medium and preservatives were sterilized at 100° C. in separate 
sealed contamers, then thoroughly mixed together and poured into 
petri dishes 100 mm. in diameter and 10 mm. deep. (See Pl. VY.) 
After hardening, the agar-preservative mixture was inoculated at the 
center with the mycelium of a wood-destroying fungus (see Pl. 
VY), and the cultures then placed in an incubator held at approxi- 
mately 25° C. for from 4 to 6 weeks. The growth was observed 
usually at mtervals of about a week. Plate V shows the appearance 
of these cultures of fungi in various stages of development. This test 
- is considered by the Forest Service as merely tentative. While it 
it is open to certain objections, such as the possible chemical combi- 
2 nation of certain of the preservatives or their constituents with the 

- media, it nevertheless offers considerable advantage in giving quick 

indications of the toxicity of a substance, in that way indicating the 
_ most promising preservatives for further work. 

_ The results of tests to date on the fungi Fomes annosus (Fr.) Cke. 
and Fomes pinicola (Sw.) Fr. are summarized in Table 5.1 


CORROSION TESTS. 


| 
| 
| 
| 
| To determine the corrosive action of the preservative on steel, so 
ie that possible deterioration in a treating cylinder might be ascer- 
| tained, a strip of boiler flange steel of the quality specified by the 
| American Society for Testing Materials, August 16, 1909, was sub- 
ls merged in the preservative and heated to a constant temperature of 
| -about 98°C. The preservative was changed every week for 4 weeks 
in the case of oils; with aqueous solutions, it was changed every day 
- for1 week. The difference in the weight of the steel before and after 


rx 1 Concenirations in this table are based on the actual weight of preservative in 20 c. c. agar-preservative 
ay cf . b 
- mixture. 
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submersion was taken to indicate its corrosion. All depositions on 
the surface of the metal were removed as nearly as possible with a 
rubber “‘policeman”’ each time the preservative was changed. At 
the end of the tests, where electrolytic deposition of metal had taken 
place, the deposited metal was removed by acid and its amount. 
determined by an analysis of the acid solution. The weight of depos- 
ited metal thus determined was added to the loss of iron, and this — 
total represented the total corrosion. The figures thus obtained were 
then calculated to ounces of steel corroded per square foot of surface 


exposed per week. 
PAINT TESTS. 


The treated wood was first air-seasoned for about 1 month to per- 
mit water and light oils to evaporate, and then coated with white 
paint (30 pounds of lead oxide to 1 gallon of linseed oil), noting the 


color change which subsequently took place. This test was made in © ; 


order to determine the practicability of painting treated wood. _ 

The results of the tests on wood treated with water-soluble salts 
were favorable, and the scope of the tests was therefore enlarged. 

Specimens of noble fir, 1 by 4 by 12 inches, were treated with zinc 
chloride and sodium fluoride, and painted with white-lead paint. 
Untreated specimens were also painted for comparison. Four speci- 
mens were used in each set. One specimen from each series was 
placed in running water or in the moist atmosphere in the fungus pit, 
and two exposed to the weather. 

These tests also indicated that wood treated with these salts could 
be successfully painted, and arrangements were then made with the 
National Paint Manufacturers’ Association for a more extensive test. 

White pine panels, 2 by 3 feet by 1 inch, were treated with zinc 
chloride, sodium fluoride, and ammonium phosphate. Six panels 
were treated with each preservative and six were used untreated. 
These were sent to the Institute of Industrial Research, Wash- 
ington, D. C., where they were painted under the direction of Mr. 
Henry A. Gardner, representing the National Paint Manufacturers’ 
Association. After painting, the panels were divided into three sets— 
one of which is exposed at Atlantic City, N. J., one at Washing- 
ton, D. C., and the third at St. Louis, Mos onde the direction of 
Dr. errtenn von Schrenk. 


RESULTS. 


The results secured from the experiments may be changed by sub- 
sequent tests, since the field covered is new and errors in rigninne 
tion, not at present apparent, might exist. Every feasible precau- 
tion was taken, however, te avoid errors, and those known and 
uncontrollable are mentioned. 
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PETRI-DISH TESTS SHOWING RETARDATION OF GROWTH AS THE PER CENT OF Toxic 
AGENT IS INCREASED, 
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PHYSICAL AND CHEMICAL PROPERTIES. 


The results of the tests on physical and chemical. properties are 
given in Table 1. 


EFFECT OF THE PRESERVATIVE ON THE STRENGTH OF WOOD. 


Table 2 gives the results of the tests on the effect of the preservative 
on the strength of wood. 

As a greater accuracy than plus or minus 10 per cent could not be 
obtained in these tests, largely because of variables inherent in wood, 
the conclusions should be interpreted liberally. 

All of the preserving oils, viz, the products of coal tar, wood tars, 
water-gas tars, and crude petroleum produced no appreciable weaken- 
ing in the strength of the wood impregnated with them. The amount 
of moisture which the treated specimens contained could not be 
definitely determined, although it is believed that it was slightly less 
than the moisture in the untreated specimen. The variations in 
individual cases from the average is within the limit of accuracy of 
the test. An average of all the tests indicates that the strengths 
treated and untreated were about the same. 

In general, the water-soluble preservatives caused a slight weak- 
ening of the seasoned wood. This was most pronounced in the case 
of sodium silicate and by-product zine sulphate. The values given 
for the effect of these preservatives are accentuated, due to the 
higher moisture content of the treated pieces. The application of a 
moisture-correction factor would probably show that, with the ex- 
ception of sodium silicate and by-product zine sulphate, the weaken- 
ing caused by the water-soluble preservatives is of no practical 
significance. The specimens treated with sodium silicate, however, 
were noticeably affected, the outer wood fibers being badly checked 
and disintegrated. 


FENETRANCE OF THE PRESERVATIVE INTO WOOD. 


Table 2 gives the results obtained on the penetrance of the preserv- 
ative into wood. 

So far as penetrance is concerned, the following preservatives can 
be considered satisfactory: Coal-tar creosote, coal-tar creosote frac- 
tions I, IJ, Ili, and IV, the three water-gas-tar creosotes, 5S. P. F. and 
_ Avenarius carbolineums, C. A. wood preserver, beechwood creosote, 
_ Spirittine, wood-creosote oil, copperized oil, fuel oul, kerosene, zine 
chloride, commercial zine sulphate, by-product zinc sulphate, B. M. 
preservative, sodium fluoride, and cresol calcium. 

Wood tar from Douglas fir, Preservol, and coal-tar creosote fraction 
V were very: ical to Fores Pinoner hemlock, being more than 
_ twice as resistant as coal-tar creosote. 
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Satisfactory penetrations with hardwood tar, Timberasphalt, and 
sodium silicate were not secured. The results indicated that they 
were from 10 to 18 times as resistant to penetration into hemlock 
as the coal-tar creosote used. 


PERMANENCE OF THE PRESERVATIVE AFTER INJECTION INTO WOOD. 


Table 3 gives the results obtained from the volatility tests. 

After 10 weeks’ exposure the preservatives had lost amounts vary- 
ing from 1 to nearly 60 per cent. The loss was proportional to the — 
content of low-boiling oils, as shown by analysis, those having low 
distillation points losing the most by volatilization. 

The oils losing excessively by volatilization were the first two frac- 
tions of coal-tar creosote, water-gas-tar creosote (specific gravity 
1.012), and kerosene. The high volatility of these oils separates 
them from the more efficient wood preservatives. 

Those losing moderately by volatilization were coal-tar creosote 
fractions III and IV, coal-tar creosote, water-gas-tar creosote (sp. 
or. 1.051), wood tar from Douglas fir, wood-creosote oil, beechwood 
creosote, Preservol, and fuel oil. 

The least aT olerale of the oils tested were coal-tar creosote frac- 
tion VY, water-gas-tar creosote (specific gravity 1.07), Avenarius car- 
bolineum, S. P. F. carbolineum, C. A. wood preserver, hardwood tar, 
Spirittme, and Timberasphalt. Some difficulty was experienced in 
obtaining reliable data upon these oils, due to their nonvolatile 
character. There was a tendency for the specimens to absorb small 
quantities of moisture, which obscured the results somewhat. ‘The 
data show, however, that the oils just mentioned were much less . 
volatile, and therefore more permanent in the wood exposed to the 
air than those listed in the two preceding paragraphs. 

The lighter fractions of coal-tar creosote were more highly toxic 
than the very heavy fractions. It is especially necessary in the case 
of oils, therefore, that the toxic properties should be considered in 


‘conjunction with the permanence of the preservative. The higher 


toxicity and greater volatility of low-boiling creosote oils and the 
lower toxicity and lower volatility of the high-boiling creosote oils 
tend to balance each other. This point has been substantiated in 
service tests in which coal-tar creosote proved practically as efficient 
in preventing decay as the higher boiling creosote derivatives.* 


EFFECT OF THE PRESERVATIVE ON THE COMBUSTIBILITY OF WOOD. 


Table 4 gives the results obtained in the inflammability tests. 
Wood treated with the oils in every case ignited at lower tem- 
peratures than untreated wood. When permitted to air-season for 


1 See article Eng. News, Nov. 27, 1913, “Condition of experimental poles in the Augusta-Savannah and 
Helena-Meldrim lines,’’ and Forest Service Circular 198. 
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3 months the temperature of ignition was considerably raised, due 
probably ‘to the evaporation of the more volatile constituents. The. 
loss in weight from burning treated wood seasoned for 3 months was 
also usually less than in the specimens ‘burned shortly after 
impregnation. 

In general, wood treated with oils ignited at lower temperatures than 
wood treated with water-soluble preservatives. The temperature of 
ignition in both cases was lower than that of untreated wood.’ 
Furthermore, wood treated with oils showed in general greater loss 
in weight after combustion than wood treated with the water-soluble 
salts. Itshould be noted, however, that the amount of wood actually 
burned may have been. less than, in the case of the salts. 

Untreated wood and wood treated with oils (exception, Timber- 
asphalt) burned freely, and in general had to be extinguished after a 
three-minute period, while wood treated with water-soluble salts 
(exception, cresol calctum) burned slowly and became extinguished 
in less than three minutes. 


TOXIC EFFICIENCY OF THE PRESERVATIVE IN INHIBITING FUNGOUS GROWTH. 


Table 5? contains the results of the tests thus far completed on 
toxicity. The following conclusions on the toxicity of the various 
preservatives should not be considered as absolutely final, because of 
errors peculiar to the Petri-dish method. 

The products obtained from the high-boiling constituents of coal- 
tar creosote, for example, the carbolineums and high-boiling creosote 
fractions, were much less toxic than the coal-tar creosote or the low- 
boiling fractions. The products with the greater toxic properties are 
those having the lower specific gravities and lower boiling points. 

The same was true to an exaggerated degree in the water-gas-tar 
creosotes, the 1.012 oil being about as toxic as.coal-tar creosote, 
while the 1.07 oil was only slightly toxic. 

The hardwood tar and Spirittine (from yellow pine) were less than 
half as toxic as coal-tar creosote. Wood tar from Douglas fir and 
Preservol were about equal to coal-tar creosote in toxicity. Beech- 
wood creosote was more than twice as toxic as coal-tar creosote. 

Of the water-soluble salts tested sodium fluoride was the most 
highly toxic, being from one and one-half to two times as toxic as 
coal-tar creosote. Zinc chioride was slightly more toxic to Fomes 
annosus, but far less toxic to Homes pinicola than coal-tar creosote. 
Cresol calcium was also very highly toxic, being from two to four 

1 Wood dipped in a 50 per cent sodium silicate solution ignited at a temperature of 448° C., and its weight 


was reduced 17 per cent, although burning immediately ceased when the sample was dropped in the lower 
chamber of the inflammability apparatus. 

* This table was published in the Jour. Ind. and Eng. Chem., Feb., 1914, by C. J. Humphrey and Ruth 
Fleming, who conducted the tests. They are included here because they are an important factor in deter- 
mining the value of these preservatives. 
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times as much so as coal-tar creosote. Sapwood antiseptic was 
almost nontoxic. 

Preservatives designated as copperized oil, fuel oil, Tmbereaphele | 
kerosene, and N.S. Special had very low toxic properties. 


CORROSIVE ACTION OF THE PRESERVATIVE ON FLANGE STEEL. 


Of the various preservatives tested, coal-tar creosote, copperized 
oil, the fractions of coal-tar creosote, the various carbolineums, the 
water-gas-tar products, fuel oil, Timberasphalt, and kerosene had- 
very slight corrosive action on steel. In practical operations such 
action can very probably be neglected. 


The metallic salts, except cresol calcium and sodium fluoride, were’ | 


much more pronounced in their action than coal-tar creosote, so that 
the depreciation in plants using them would seem to be much greater. 


The corrosive action of eresol caleium is much less than the other | 


salts tested. Zinc suiphate was much less corrosive than zine chloride. 

The very marked corrosion of hardwood tar, Preservol, and tar 
from Douglas fir is probably due to the comparatively large amount 
of acetic and other organic acids which they contain, while the some- 
what less corrosive action of Spirittine and beechwood creosote are 
probably due to smaller quantities of these acids. 

In general, wood-tar products were much more corrosive than coal- 
tar or petroleum products. This property may, however, be largely 
eliminated in the future development in methods of refining these oils. 


DISCOLORATION OF PAINTED WOOD. 


All of the oils tested rendered the wood unfit for subsequent paint- 
ing. Copperized oil was least objectionable in this respect. If 
thoroughly dried after treatment, so that excess 011 would not appear 
on the surface, it is possible that wood treated with some of these 
_ preservatives foal be satisfactorily painted with dark pigments. 

The water-soluble salts were all satisfactory (except sodium silicate - 
and cresol calcium) in that they caused no discoloration and appar- 
ently no deterioration of the painted surface. From the results of 
tests thus far made it is likely that woods treated with zime chloride 
and many water-soluble salts can be successfully painted. ; 

Cresol calcium caused discoloration of the paint; sodium silicate 
reacted with the oil of the paint film, causimg it to lose its adhering 
properties. 

Additional tests on the effect of zine chloride and sodium fluoride 
on white-lead paint were made. Specimens exposed to the weather 
were in good condition after 24 months, when they were accidentally 
destroyed. Specimens placed in moist air were in good condition 
after 1 year and 4 months. No difference was noticeable between 


1 This applies, of course, only to the method of painting herein described. 


PLATE VI. 
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_ the treated and untreated specimens; there was no visible evidence 
of the hygroscopic action of zine chloride on the paint film, nor did 
the salt appear to come to the surface. There was a marked difference 
in the appearance of the treated and untreated specimens that were 
_ placed in running water for 1 year and 4 months. (See Pl. VI.) 
_ The paint film on the one treated with sodium fluoride and the un- 
_ treated one had disintegrated and could be rubbed off upon a cloth 
(see Pl. VI, at top); that on the specimen treated with zine chloride 
: was in good condition. This indicates that zine chloride may have a 
_ preservative action upon paint films under certain circumstances. 
No results have thus far been obtained from the last series of tests 
~ made in cooperation with the National Paint Manufacturers’ Associ- 
ation. 
The results of the tests thus far made indicate that woods treated 
4 with zine chloride, sodium fluoride, and other water-soluble salts 
eemment be Piedad ally painted. This point can not be definitely 
settled, however, until the results of the tests in cooperation with 
the National Bent Manufacturers’ Association become available. 


CONCLUSIONS. 


In general, highly viscous oils do not readily penetrate, while 
eis with low viscosities penetrate wood readily. As temperature 
strongly influences the viscosity of oils, and as the diffusion of the 
preservative through the wood is one of the most important factors 
in proper treatment, to secure best results both the wood and the 
ee ser vative should be sufficiently heated during the pressure period. 
Because of the low thermal conductivity of wood the treatments 
should not be made too rapidly. With water-soluble salts these pre- 
cautions are not important. 

_ With coal-tar creosote it appears that the fractions of greater sta- 
_ bility are the less toxic. Present practice rather favors the reten- 
tion in treated wood of the more volatile fractions by an admixture 
of the more stable ones. If the toxic values here given are correct, 
_ there is, in practice, being forced into wood about one and one-half 
times as much zine chloride and from 10 to 20 times as much coal!-tar 
x reosote as is necessary to prevent decay. Of course, in practice 
ore preservative than these toxic minima must be forced into 
wood in order to make proper allowance for any subsequent changes 
that might take place. However, more economic results, especially 
when decay is accompanied by mechanical deterioration, can be 
secured by diffusing the preservative more thoroughly through the 
wood than by saturating the outer fibers and attempting to retam 
in the wood the volatile constituents through admixtures oi non- 
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olatile constituents. It also appears that the factor of safety in 
zince-chloride treatments is very low, and that to secure the best re- 
sults more than 0.4 to 0.5 pound per cubic foot, the present practice, 
should be injected. 


In general, the flash or burning point of an oil affects the inflam- . 


mability of wood treated with it. Of greater importance, however, 


is the length of time the treated wood has seasoned, as a prolonged — 


seasoning of such wood raises considerably its ignition temperature. 
It would seem good practice first to season such treated timber before 


placing it in positions subject to fire. While wood treated with the 


water-soluble salts mentioned in these tests was in general less diffi- 
cult to ignite than untreated wood, nevertheless the presence of such 
preservatives usually renders the wood slow burning and easily ex- 
tinguishable. 

Tn using the data submitted in this bulletin, the reader is cautioned 
against drawing sweeping conclusions. It was possible to make only 
a limited number of check determinations because of the many 
variables which had to be considered. The most reliable information 
on the efficiency of preservatives is, of course, obtained from service 
tests, but until such data become available, it is thought that the 

tests already described will be found aalvelile in studying the most 
eficient use of wood preservatives. 
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TaBLE 2.—Penetrance of the preservatives and their effect on the strength of wood. 


Moisture at test. 


Penetration. 
Average eee 
Pre- | Preservative desig- | Radial and ‘vain ay 1} absorption|— Por cen | 
serva-| nated by coopera- | tangential, |Uo=situdinal.1| preserv- BOG SEe | 
tive No.| tor as— — ativ : ated.| Tre: 
are kere oe ee a ofuntreat-|Untreated.| Treated. 
=| SSS | eee ‘| ed wood. 


.| mum, | mum. | mum 
Inch. |Inches.|Inches.| Pounds. | Per cent. | Percent. | Per cent. 
ee tees Coal-tar creosote..... 0. 23 6.00 | 5.30 8. 76 93 G20nlceoehes 
ie sardine Coal-tar creosote, Al 6.00 |} 6.00 5. 28 101 0s BSilVeteemtoanters 
Fraction I. 
ee <2 Coal-tar creosote, walt 6.00 | 6.00 6. 86 92 Gi 22 slic eeet ee es 
Fraction II. 
Be os Coal-tar creosote, 21 6.00 | 6.00 1.55 92 G44 eee eee 
Fraction III. 
eee Coal-tar creosote, 18 6.00 | 5.50 Waoo 96 GAS ee ee 
Fraction IV. 
 eaepte Coal-tar creosote, 07 3.80 | 1.20 2.00 90 6320) ake nee cate 
Fraction V. 
; (eee Water-gas-tar creo- .33 6.00 |} 6.00 6. 45 92 Da DSH age aeaer anes 
sote, 1.051. 
Be ony Water-gas-tar creo- 42 6.00 | 5.30 7.18 90 618) So se eee 
sote, 1.012. 
: See Water-gas-tar creo- .10 6:00) |, 23.33 9.58 108 LUNG AA | irate Sena ae 
sote, 1.070. 
aie S. P. F. carbolineum. 23 | 6.00] 5.70 8.77 100 GiA0i le ee 
Ve Avenarius carbo- oy IP 6.00 | 5.30 8.08 109 OF 81 Ogee 
lineum. 
7 C,. A. wood preserver. . 20 6.00 | 4.70 8. 43 100 G5 9OH | Ns sade 
eee Hardwood tar......- . 08 -92 - 50 6. 50 98 Gyles ees 
7 2 Weyl Wood tar (Douglas - 08 3.58 | 2.33 2. 82 107 5s S04] el ate 
eh anrcth Beechwood creosote. 106 | 6.00] 3.16 12. 68 99 GRE eta as o 
ee SHeritiiOs cee asc 18 6.00 | 4.50 8. 09 96 6295015 sae ee 
ae *| Preservol......--. aie 05 3.750150 6. 27 107 6724 Ne eee 
seers fis W ood-creosote oil... . G15 6.06 | 4.30 12. 86 110 Gea eae 
ee ose Timberasphalt...... . 02 438) . 33 5. 68 106 Gr6Sil ie cae ee 
=) eee Copperized oil......- 22 6.00] 4.08 8.5 101 DEA eee ote ae 
ae WC MOU eek a as wer - 43 6.00 | 6.00 12.70 1 Efiad rsepteee f s e Se SA 
pe 2-2 IKGrOSeNO2saccecies =: - 30 6.00} 6.00 14.51 90 EFS ot [eel a 
23 ee Zinc chloride. ......- . 08 6.00 | 5.30 2.43 88 Tels} 9. 35 
ieee Zine sulphate........ . 08 6.00 | 4.66 3.96 89 5.14 9. 60 
eee Zine sulphate (by- palit 6.00 | 4.66 84.11 82 3. 88 BS Tit 
product). 
POE ok B. M. preservative. .. .10 6.00} 4.60 3.50 85 5.16 9. 48 
- ae PAE AES CIM Cet Bere ate ccias aeio seal ae aiesine | ates Se atmcial=t [wien sie ee cle nf nie c enc ie ice | em eooe ran 
oe ai 2 Sodium silicate...... - 03 - 46 - 30 -99 82 6. 42 7.38 
SS Sodium fluoride..... 10 6.00} 5.00 . 20 85 5. 82 8.70 
=) Seeepon Cresol calcium....... -10 6.00 | 3.30 - 46 103 Berii2 6. 58 


14 penetration of 6 inches was the maximum that could be secured longitudinally, 0.45 inch was the 
maximum radial and tangential. The absorptions here given have no reference to the data on penetrance. 


2 Dry salt. 3 For composition see Table 1. 
TABLE 3.—Permanence of the preservatives after injection into wood. 
Volatility. 
fone. a eee nates BY, Per cent volatilized after seasoning for— 
10 days. | 20 days. | 30 days. | 50 days. | 70 days. | 90 days, 

Coal-tar creosote............. 11 15 17 20 DP Re Mr he 
Coal-tar creosote, Fraction I. 38 48 53 57 Ii aoe eae 
Coal-tar creosote, Fraction II. 22 30 36 44 47 || ace eee 
Coal-tar creosote, Frac. IIT... 13 21 28 34 Bilal cte rere ete 
Coal-tar creosote, Fraction IV) 8 11 14 18 AD ersiervere eos 
Coal-tar creosote, Fraction V 6 6 5 6 ri eral 
ae Water-gas-tar creosote, 1.012. 16 26 32 41 rye es Ree 
>. Sees W ater-gas-tar creosote, 1.051. 18 21 25 30 QO eNsererets ae ole 
See Water-gas-tar creosote, 1.07.. 2 3 f 3 4 in| eee ae 
Le ae 8. P. F. carbolineum........ 3 4 5 8 Ls hee eee et 
Li eae PMOL ALI AC AT OLIN CUI Ms oo] Soe s os ates eee o(c lara tian soe cles 1 LE eae ee 
Lee C. A. wood preserver.......-. —2 me DA Ee aA ated Si! Ft el SB eeee 
2 eee ERAT OOGIUAI ore Leeds ieee netsh on a -|- acide eee 2 6 Gul See eee 
i i eee Wood tar (Douglas fir).....-. 12 14 15 15 LA eer ese ae 
| 2a Beechwood creosote......... 14 17 21 25 At) eye oes 
| 30 Sel (SFO TID 210 (DSS igee ie eee 1 3 5 a ShiGee seme e 
a LETHE) eS Ue oe See il 15 16 16 BUC hepa ste 
_ eee W ood-creosote oil.......-...- il 13 15 16 IGE Reem real oe 
| Timberasphalt........-.----- te PRR iy Sar ae sep, ae Queso um enad 
| Se Cupperized Oue ss.) ote 5 5 5 5 Aye a 
| 2 TS Celnopl ee e108 A ea a eae ae 2 4 7 11 ee eee ae ane 
eas sts 3 545. 3 HECEASEH EI n.d oto eles Sod ma 55 74 81 88 Si i ee ee 
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Tasie 4.—Inflammabihty of treated wood. — 


Loss in 
Weight due 
o burning 
pee tae calculated 
tion (° €.) in per cent 
Sees | OLWwelgZ nt 
before 
7A. Tativ, i RAOg ignition. > 
ee Presery aly eudecenntes by co an Character of combustion. 
Days after Daveisca. 
aes aig soned— 
2 | 90 2 90 
Untreated wood (hemlock)....... S200 ae ee PAU crete Burned freely. 
t et bg ane a Coal-tar creosote. - 222.2222 22.2. 174 | 225 25 21 | Burned freely; black smoke; 
easily extinguished. 
ea Ae ee ois Coal-tar creosote, Fraction I....... 133 ; 306 23 33 putned ey freely; easily ex- 
inguished. 
viel aaa plete ee Coal-tar creosote, Fraction II..... 113 | 286 25 21 Butucd ately easily extin- 
guished, 
Qua eG Coal-tar creosote, Fraction III..--. 148 | 269 26 16 | Did not burn as well as ecreo- 
sote; easily extinguished. 
Bees oH Coal-tar creosote, Fraction IV...| 183 | 223 33 21} Burned freely; extinguished 
with difficulty. 
eens Giah Sat Coal-tar ecrecsote, Fraction V..... 195 | 287 10 15 | Ignited with difficulty; burned 
poorly; easily extinguished. 
Cee ae Water-gas-tar cresote, 1.051....... T720 eoL 24 19 | Did not burn freely; easily ex- 
tinguished. | 3 
ae Grewene ah Water-gas-tar creosote, 1.012...._. 149 | 238 29 18 | Burned Healy difficult to ex- 
tinguish. 
aerial Water-gas-tar creosote, 1.070...... 231 | 243 40 31 | Burned like Avenarius car- 
bolineum., 
aD e627 ath est CALDOlNnelmM =) eee see 243 | 263 26 19 | Burned like coal-tar creosote, 
but not so freely, 
i eee ee Avenarius carbolineum.....__.... 213 | 235 32 18 0. 
(eens C. A. wood preserver...........-- DAG | e947 33 35 | Burned like creosote. 
i Riser ates Hard wood tar tess see eee ee 190 | 241 29 30 Burned freely; dense black 
smoke. 
Tere Wood tar (Douglas fir)........... Ieee Palys 36 26 | Burned like coal-tar creosote. 
ieee Beechwood creosote............-- Lise |e ete 34 19 | Burned freely; black smoke; 
rathereasy toextinguish, 
TGR eso nn DS PALLG LINE aoe eee 194 | 247 37 29 | Burned freely; difficult to ex- 
tinguished. 
UY ieee aaa EPLESEGVO|erchee sao aaa eee eee ee 205! 269 23 22 | Did not burn as well as creo- 
sote; easily extinguished. 
hs Soe pe Wood-creosote oil... 22. 2).222..2 178 | 251 39 35 | Burned very freely; very diffi- 
cult to extinguish. 
Lt Eee Timberasphalt.... 0220.25. 2. sax] (2968105310 28 32 | Did not burn freely. . 
PE Ne ela ieee Coppenzediollie- = aa ee 200 | 228 43 33 | Burned like coal-tar cresote. 
J1 RS eg a Be il pe Fe ise. ete tas 167 | 241 36 27 | Burned very freely; very diffi- 
cult to extinguish. 
>A ls aan Pe Kerosene. payee sta etna aia 2) 126 | 231 37 17 Do. 
pS ee JAN OO NO BOC oS ae Se ee MOSHE As 8 Lene 19 | Hard toignite; burned poorly; 
easily extinguished. 
Aiea si aNhs 2 AATIC SSNPS Lee se ee sas anes 13 04 geen 18 Do. 
OH eras oie Zine sulphate (by-product)..._...]...... DDO S| trates Albee cee Do. 
ie oe, eae B= ME{pIeSerViabivet eae oo 2 Soa eee 1305 | aes 18 | More difficult to burn than 
zine chloride. 
Dele ne eens Sap woodiantisepbice sass =a eay cae |e es |e ne ae lesen 
DREN ee Sodiumysilicatews sre sie ee es oe SUA lecunce 10 | More difficult to burn than 
B. M. preservative. 
via! ele ea Es Sodium Muoride: <p S| ee USOSetE sees 25 | Burned like zine chloride. 
SO Nese ee @resol'calcium= = Gee ee | eee x Sha Wee gx ate 29 | Burned freely; white smoke; 
hard to extinguish. 
1 Woods treated with salts were ignited as soon as their moisture content was reduced by air-seasoning 
to 6 per cent, usually about 2 weeks after impregnation. For absorption of preservatives, see Table 3. 


2 See footnote 1, page 11. 


Note.—All saits burned for less than 3 minutes; all oils burned for 3 minutes and were then extinguished. 


TESTS OF WOOD PRESERVATIVES. 


“apl4oyyo 


01 OL} By 


‘9]VP 0} S}[NSeI 100d UMOYS OARY, UINJO[V JOSaIO UO $4Se} BdIAIOg “YS A[qeaoptsuoo eq Avur yurod SuT]THy oy VuINN 


*QA0UV ¢ 


*punory + 


au} PUR ‘payse? 494 TOMNLIJUGOMOD YSOYSTY GY} SI STI VY] SoyVoTpUT ATELOU 4INSAL ey} UOTZLI}PUGDUOD UTLI190 T ,,eAOQV,, SB PeVOIPUL BOY M ‘opTS JoYyITe UO ATP YSIs eyenjony ABUL 
qNq ONTVA e111} OY OF OSOfO BIG UO!YVIYUGOUOD UTVIAGO B ,, PUNOIV,, SB PoLVGOTPUL SOTPTOIXO} BSoU,L, *AToZVINIIV BIOUW OSoy} VUYOP [[T\ YOM JOYJANI PUB ‘S}TUIT] ULVJIO UTYYTA SB WOATS 


useq seq qurod Sur[[ry 8y} Sesvo UTe}IeD UL OsTe ‘z aI0UJ00F Aq 0} DeIIeJeI SOY ydvoxe Sse] 10 ued 19d OT JO AOVINDDE UB UIYIIM 0} PoYooYo 9AVY SoINSY OY} O[G} SITY} UJ —"ALON 
*poeqoTduro0d 40U S}SAJ, ¢ 


‘oyvorTdnp UL peyooyo uoeq jou svy qutod SuIy[IMy ; 


"FI6L ‘Areniqey “ueYyO “SUy pu *puUyT “MOL UL Suro, UINYy pue AoIyduiny “fy Aq peystTqnd sea oq} sIyZ JO WAwY 1 


08 “I-9'§ 
0G 
| Lea 
160 
*940S0010 | ~“erIpeut jo “apliopyo 
I@y-[B0d =| YOO} OIGHOD | “4U90 18,7 OUIZ 
op oney | ied spunog 0} O148 YY 
“‘ejooraid seuio J 
“guyod SUr[[Io 


pound sawog puv snsouun sawog 07 sorvynasasosd fo hiporwoy —'G ATAV, 


*9]0S0010 
IC4-[ROO 
0} OB Y 


PLT “280° 


“eIpou JO 
yoo orqno 
ied spunog 


“SHSOUUB SOLO Wf 


Ser aap printer MO sear Shae ease eh "(910 99S) WINTIO[VO [OSeID }"°""""""" "Og 
Behe RD DECOR SOG EDS ESS ey SIRES OpONy WINIpoOY |---7 77777 
Cas Peg Ss Wife eae is nigra ap eae seed ied 9] VOT[IS WINIPOg |--" "77777" 
Spi schee Meaadsina a Nets gesreatccaieyes ie) wueucirisicta pe iek eters ils odostzue poomdeg |--*-- 77> * 
gia gk te gta nae cen ele prea am gas See OATIVAIOSOIC "Jag [7-777 
SSIES aS Sa RR SO 25 (Giayay ovon(oLANe))) Grice (ol pasiouies/ yj 
las siete sitcom re SI AS ([vIo1sUIMIOD) 9yVydns ourz |-- °° 777 
Souda Sek ate saan cepa ergs pps? ge nie ogee @PMO[YO OUT | --- 
SRP OR Gros SR ee Tre CS aera a Se SoS eUdSOIOS |" 777777 
BORE AES OOO CF OSE es ae ete Ble Ac chs Oe [LOS TORM es ease eer 
SS IP SS ACT a ger Foote pe Pee ee eli i [ro peztieddog |----- 7777" 


| eehacgne gina emer ya Ss ore ta ying aN TOU OSGEO CLT, Sore Nae a ae] 


Se. ISIE ri) a ation ees sah lint RS OS [OAAOSOTel esses eee 


BERTON SOC ae TN ean ao ar BEG SS ee S207) OLITAMTO LCL te aie seas 
COB PIS ey a Gr a elas boca Se -9]0SO0IN POOMYOooyY |° 777777 
Sapo ie Nigges ONT Ghee te ne Cee “(1g SC[snOqd) 16} pooA | -° 7-7 
Fe Bre pice is i aR ea Seg oie ole = es eS a aa I@) POOMPIBEy |" - 7-7” 
BS OIA OO her LAREN Oe ncn bs Sa “IOAIOSVId POOM “VW °O | - 7°77 


fe eS OE Re SD Sea WINOULOGIVS “WW qq °g | 
SB eg ean rae cs Sn eae OLO'T £0JOSO8ID 1B4-SBB-19IV AA | 
Be ee aia as ai te reer po ZIO'T ‘0JOSOOIO IV4-SBS-10}V AA | -7 7 T 
eR ONIN: CaaS oe Me ae Rs TSO°T ‘0}0SO0010 1B}-SVd-107V\\ | 
SR ee eae Tey “A UOTZIVIY {P}OSOIIO IVJ-[VOD }> >> 77 
pear ewc Gn "aa Chie eS oe “AJ UOLPOVAYT 8JOSOAIO 1VJ-[VOD | ---- 7 
rege Fag ak ae he Bae ee “TIT WOrpoVIy ‘8}OSOAIO IV4-[BOD °°" ~~ RRS 
See ig ee Re ad Oe Cee Cee TI WOMOvI, ‘1B4-[RO() | 
oat Ces daar yt See cat ny Se J WOTOVI,T ‘8}OSOeIO 1Bj-[VOD | ---- 


Pik ON OP Ree Se Oe eee Rate Fe ees ie OLOSOOTO KG) = 100.) liane aan sem aT 


“{U9D I8T 


“ON OATY 


—Ss¥ 10}v19d009 Aq poyVUSISOp OAT] BAIOSAI ~BAJOS01 


2 


a 2 ee ge 


20 BULLETIN 145, U. S. DEPARTMENT OF AGRICULTURE. 


TABLE 6.—Corrosive action of the preservatives. 


Loss in weight of flange é 


WASHINGTON : GOVERNMENT PRINTING OFFICH : 1915 4 


enn é Steel after immersion in 
tise Nae Preservative designated by cooperator as— preservative for 4 weeks 
vies at 98°C. in ounces per 
square foot per week. 
5 Pe ae ayer es | iO ONL=LAT: CHOOSO LEYS sitters re See ore ee aoe erie et a eee | Less than 0.085. 
ae ea Coal-tarcreoscole, Wlachiony les --: pe spam yaaa ee eee eee Do. 
EEE Ds ais oo Coal-tar creosote sNrachlonullas 2 twee meee eee ae ae meee tom meee Do. 
_ ee Bee") Goal-tanccroosotes Rraction Tlie ees oe ee ee ee Do. ; 
See eae | Coal-tar creosote, HATA CHIOT AV 2 ee ore ie ans ond ae era Do. 
(Sea Bewrs Coai-tar creosote, ITACEIONS Vecsey gece ean: Se a nee Do. 2 
aE ese Water-gas-tar creosote, LOD ape, See cas Se oie ey Do. ; 
$2252.55 Se Water-gas-tar creosote, DE OUD ier es ei ae Ao eel ts iene nce Do. 
Oras eee Water-gas-tar creosote, TO (ces cae tees me eae eee Between 0.005 and 0.010. 
51 ee ees Seep ASH Gar Olin erie sic es oe re ee ee a ec erase ng er Less than 0.005. 
1 eobeee AW CNATIUS CAnDOMNECUTINS se semaeias sae eae ee eae Between 0.010 and 0.025. 4 
5? ane oe (CURAEE V7 OOGIDLCSCL VEL el nacre Ace acid ene cent eee ap pee reema| Less than 0.005. j 
i 5 Ree Fler dwOOGitanes eae eae nance os Seen ee Dee Ree ere ENE Between 1.900 and 2.006. 
EA en ae Woods tare (CD OUelas! fir) oa se tao esse a cree | Between 1.200 and 1.300. 
ORE t pene es IB eGeCh WOOdiCLEOSOLE Es 2s. hate ecrok eee etre eee ee ae ae eee Between 0.400 and 0.450. 
I © ogee ee Spirittine=2 2 323 ips Fs dae nag tere Mats ee RON i tea eae ES Between 0.200 and 0.250. 
1 fee epee tee IP TOSEIV OLE Sere Wes eee FFA Pe a oe mata Oe LY AA eR Bie | Between 1.100 and 1.200. 
Lee oe Wioodicreasoteolls 5 seer ne ie aay eae ee No tests made. s 
: | ea eA PIT ELAS PUALG eer sess os ae oe ee ee ee re eee Between 0.050 and 0.100. : 
See eee COMPELIZE GOUT Se ie Rae scala See Oe ae ee es | Less than 0.005. 
Bist Fe 1B Ie) (oy te Re or i ee Poe es Ee eh Aiea re Riel Do. $ 
2225. F: 2 se A TEES COS) ale Raed en Se ed aan I Mase ey ton GAT Do. 5 
BS aaa ee Zine chloride 2.4 percents. 2s eee woe ore ee ee Between 0.300 and 0.350. 
24 eee Zine sulphate, 4/5 Menicente Gok. ees ee ee Se eee Between 0.100 and 0.150. 
> ene Zine sulphate (by-product), feos DORCEN Geen eee see eee reer Do. 
(oi pe emriee B. M. preservative, 2 per cent zinc and 1 per cent alum sulphate..| Between 0.700 and 0.750. 
ot sere SAP WOOGANUISCDLIC Foose secu csishts  clnwcrtceme Wana ee oo eee nee Not tested quantitatively; 
copper all thrown out In 
- a few minutes. 
DNs Sea SOGTUIMISTIICA TSS sts aii Fe a Lat NR SRE ge ene at eee ere Decomposed at tempera- 
ture of test. 
5 Se eee Sodiambfluoride ll pericents--- sass tees eee ee eee Between 0.025 and 0.050. 
E |) Ree ee Cresolval nine st ase oe esos oak ae ee ee eee Less than 0.005. 
TABLE 7.—Discoloration of wood treated with preservatives and painted. , 
Preservative Preservative designated by Condition of painted surface after exposure E 
No. cooperator as— for 1 month. | 
eee Coal-taicreosotesernce. seen tee ee Very badly discolored and paint not dry. : 
Bret ss Coal-tar creosote, Fraction I........-.- Slightly yellow in spots; paint dry. J 
Eee Coal-tar creosote, Fraction II......... Very badly discolored; paint nearly dry. 3 
te eee Coal-tar creosote, Hraction lls =e ae. Do. 4 
( Sigeeaeaie agree Coal-tar creosote, Wraction UNE 2= sees Do. 
SEG St eae Coal-tar creosote, HractionyVe-cc-- ers Very badly discolored; paint not dry. 
eee eae Water-gas-tar creosote, AOS. eeesee Very badly discolored, and sticky in spots. i 
Seace ass oe W ater-gas-tar creosote, TOLD 02 see Slightly discolored; paint somewhat sticky. : 
Laas eee Water-gas-tar creosote, DOF ORs reas Very badly discolored; paint not dry. ! 
1S: eee ee Soe Ee aCarbOlineuimseee ss eseee eee Do. : 
| beep pee Avenarius carbolineum.......-.--.- | Do. 4 
Te Buca CO: AAwoodpreserver:® .-<.-2 3.2/2.2 28 | Do. i 
Te tee ete ard woodsbaree sas ese ose. ee Do. 7 
i 5 Dh eae Wiood'tariCDouglas fin) sos 2 as. o- ae Do. 
1 Sopeeneane Beechwood credsotens-see = 2s ee Discolore 8 gray; oil penetrated paint coating in sev- 
era ¢ 
GS eer a | ODINILbINO 7 hoo. at as os ela ae ae slightly a diccoloret: paint sticky in spots. 
5 oS para ee IPTESCIV OLE. eee et se eet eee ae Paint discolored and collected in spots, leaving sur- 
face partly bare; still very wet. 
15 eae ae Wiood creosote) Otley ee Badly discolored; paint not dry. 
[eo Be ape eee Pimiberasphalt 58 22 5.0.4. oer eee Very badly, discolored; paint ‘ie, but did not stick 
to woo 
| 73 ee a eal Copperized oil: -s:6.22. ests ee Discolored; paint somewhat sticky. 
ay Piece a2 4222: Ue OUe a tee coe ces | See ees Slightly yellow in spots; paint slightly sticky. 
| 5 eee ee ECOSENO nee ee Stefan ee Lee ee Slightly yellow in spots; paint dr 
ry 7A eS eee HaAncicinloridel:: see see ee ea ee Appearance similar to untreated specimen. 
ah ae ee een ZANE SuUlp hater ss =e eee ae oe aes Do. 
Bi Diy or rae on Zine sulphate aero Sor es see Do. 
BL Diente ae BM spreservabive....0- 2 sc4 ceo Do. 
Vinten eee Sapwood antiseptic........-- Se rere No test made. 
ei 28 Seay soe se Sodimmysilicaieseeseu ss eee 3a Slightly discolored. 
if | 72) ase SOMME UOLIAS 252 eee es ee ee Appearance similar to untreated specimen. 
f BOS sesso Cresolivalenmmn x82 See a ae ee Discolored, pale yellow, and somewhat sticky. 


